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[57] ABSTRACT

Color video still picture playback apparatus enhances

the quality of a color still picture reproduced from a
video record medium. The reproduced signal is format-
ted as one field of video containing a succession of lines
with first and second color difference signals provided

in alternating line sequence. The reproduced picture,
after processing, 1s formatted as alternating first and
second fields, each having a plurality of lines such that
the lines of the second field are interpolated between
successive lines of the first field, and the color differ-
ence signals are provided as continuous signals, with
interpolated signals being provided in alternate lines. To
achieve this, first and second switches operated at the
field rate are associated with first and second delay lines
of one-half-line and one line delay’ times, respectively,
and an adder circuit connects the outputs of the delay
lines to one input of the second switch. This interpolates
and half-line-offsets the lines of the video signal to pro-
duce the interpolated second field of the luminance
signal. Third, fourth, and fifth switches, associated with
third, fourth, and fifth delay lines and a second adder
circuit interpolate the color difference signals so that
outputs of the fourth and fifth switches provide continu-
ous color difference signals. The third switch 1s oper-

ated at the field rate, while the fourth and fifth switches
are operated at the line rate.

5 Claims, 3 Drawing Figures
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COLOR VIDEOQO STILL PICTURE PLAYBACK
DEVICE

BACKGROUND OF THE INVENTION

This invention relates to apparatus for processing a
reproduced video signal, and is particularly directed to
an arrangement for playing back a video still picture
from a video record medium on which the video picture
is recorded as a single video field having a luminance
component and first and second color difference signals
In alternating line sequence.

There has recently been proposed a hand-held, video
still picture camera employing a charged-coupled de-
vice (CCD) as a video imager to convert an image of a
still-picture “snapshot” into a video signal. The camera
also contains a rapidly rotating magnetic film video disc
on which each “snapshot” taken by the camera is re-
corded as one field of a composite color video signal.
Magnetic recording apparatus in the camera transfers,
for each snapshot, the contents of the CCD imager to
the magnetic disc as a circular record track containing
the one video field.

Because of resolution limitations of the camera, espe-
cially in the CCD imager, only about 240 lines of video
are produced for each video picture, rather than the 525
lines of the standard NTSC format or the 625 lines of
the standard European formats. Consequently, only a
smgle field containing about 240 lines of video informa-
tion is recorded on the disc. |

In order for an associated playback unit to play back
the recorded signal and convert it into a standard for-
mat suitable to be displayed on the color CRT of a
monitor or standard television receiver, it is desirable to
form a second field whose lines are interpolated be-
tween corresponding successive lines of the one field
that is recorded and played back.

However, in order to present a proper, interlaced
standard-format signal, a delay of 0.5 horizontal line
infervals must be inserted in the second video field.
Also, because the color video signal recorded on the
disc has color difference signals recorded in alternating
line sequence, the color difference signals from succes-
stve lines must be combined in such a way as to provide
a continuous chrominance signal and to satisfy the re-

quirements for a standard video format, such as the
NTSC format.

OBJECTS AND SUMMARY OF THE
INVENTION

It 1s an object of this invention to provide apparatus
for reproducing an excellent color still picture from a
recorded video still picture in which a single field of
video, including a luminance component and color
difference signals in line alternation sequence, is re-
corded for each picture.

It 1s another object of this invention to provide appa-
ratus for reproducing color still picture in which a sec-
ond video field is produced whose lines are interpolated
between, and interleaved with, successive lines of the
played back single field of video.

According to an aspect of this invention, apparatus
are provided for reproducing a color still picture from a
recorded composite color video signal stored on a video
record medium with the recorded video signal belng
formatted as one field of video containing a succession
of lines of a predetermined line period separated by
horizontal synchronizing signals, and a vertical syn-
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2

chronizing signal, the composite color video signal
containing a luminance component signal, and first and
second color difference signals, such as the red (R-Y)
and blue (B-Y) color difference signals, in alternating
line sequence, e.g., R-Y, B-Y, R-Y, etc. The reproduced
color still picture is formatted as alternating first and
second fields each having a plurality of lines such that
the lines of the second field are interpolated between,
and interlaced with, successive lines of the first field.

In apparatus of this invention, a playback arrange-
ment reproduces the luminance component signal and
the first and second color difference signals as a line
sequential signal for the one recorded field. A first
switch has one input coupled directly to the playback
arrangement to receive the luminance component di-
rectly, and a second input coupled through a first delay
circuit to receive the luminance component delayed by
one half line. An output of the first switch is connected
to an input of a second delay circuit with a delay of one
line, whose output is connected to one of two inputs of
a second switch. A first adder has inputs connected to
the outputs of the first and second delay circuits, and an
output connected to the other of the inputs of the sec-
ond switch, which has its output supplying a luminance
component to an output circuit.

A third switch has two inputs, one of which is cou-
pled directly to the playback arrangement to receive the
color difference signals, and the other of which is cou-
pled thereto through a third delay circuit to receive the
color difference signals delayed by one-half line. A
fourth delay circuit having a delay of one line has its
input connected to the output of the third switch and
has its output connected to the input of a fifth delay
circuit, also with a delay of one line. A second adder has
inputs respectively coupled to the output of the third
switch and to the output of the fifth delay circuit, and an
output. Fourth and fifth switches each have first and
second inputs and an output. The first input of the
fourth switch and the second input of the fifth switch
are joined to the output of the second adder, while the
first input of the fifth switch and the second input of
thew fourth switch are joined to the output of the
fourth delay line. Accordingly, outputs of the fourth
and fifth switches provide the color difference signals to
the output circuit, which in turn provides a standard-
format video signal.

In order to effect proper timing, the first, second, and
third switches are changed over at the field rate, while
the fourth and fifth switches are changed over at the
Iine rate.

The above and other objects, features, and advan-
tages of this invention will become more fully apparent
from a consideration of the ensuing detailed description,
which 1s to be read in connection with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an electronic video
still camera.

FIG. 2 1s a block diagram of a recording processing
circuit for use in the electronic video still camera.

F1G. 3 1s a block diagram of reproducing apparatus
according to the present invention.
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DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

With reference to the drawmgs FIG. 1 shows an
electronic still camera 10 with which pictures are taken 5

electronically, and are stored on a magnetic record
medium, rather than on a conventional photo-sensitive
silver-halide film. The camera 10 can conveniently be

constructed with a camera body 11 and lens 12 of sub-
stantially the same size as those associated with a con- 10
ventional 35-millimeter SLR. Behind the lens 12 is a
charged-coupled device, or CCD imager 13, disposed in
the focal plane of the lens 12. This CCD imager 13 has

an image area of approximately 6.6 by 8.8 millimeters,
and provides a color video signal which is magnetically 5
recorded on a magnetic disc 14, here shown in its pro-
tective envelope and disposed at the back of the camera
body 11. A motor drive 15 powered by batteries 16
turns the disc 14 at high speed, i.e., at 60 revolutions per
second, so that one field of video can be stored on each
of up to fifty circular tracks on the magnetic disc 14.

A viewfinder 17 for framing the picture and focusing
the lens 12 is provided at the back of the camera body
11 and is optically coupled to the lens by means of first
and second mirrors 18 and 19. A shutter release 20
conveniently situated at the top right-hand portion of
the camera body 11 releases a shutter mechanism (not
shown) which permits llght focused at the lens 12 to be
incident upon the CCD 1mager 13.

A recording circuit coupling the CCD 1mmager 13 and
the magnetic disc 14 is shown in the block diagram of
FIG. 2. The image is converted in the CCD imager 13
to an electrical signal. In response to a clock signal
provided from a clock-and-synch generator 21, the 35
CCD imager 13 provides a luminance signal Y, a red
color signal R, a green color signal G, and a cyan color
signal Cy, which are respectively furnished to a process-
ing amplifiers 22, 23, 24, and 25. In the latter amplifier
26, the green and cyan signals G and Cyare combined 4
subtractively to form a blue signal B.

A sync adder circuit 26 inserts a synchronizing signal
supplied by the generator 21 to the luminance signal
supplied by the processing amplifier 22. The three color
signals R, G, and B are fed to a matrix circuit 27, which 45
provides red and blue color difference signals R-Y and
B-Y.

The luminance signal is supplied from the synch
adder circuit 26 to an FM modulator 28, and the modu-
lated luminance signal is then filtered in a high pass sp
filter 29 and supplied to a mixer 30. The red and blue
color difference signals R-Y and B-Y are supplied alter-
nately, in line sequence, to a FM modulator 31, and the
modulated color difference signals are filtered in a low
pass filter 32 and thence supplied to the mixer 30. As a 55
result, the mixer 30 supplies a composite color signal
through a recording amplifier 33 to a magnetic trans-
ducer 34 which records the video signal in a particular
circular track on the disc 14. The signal recorded on the
disc 14 thus consists of one field (i.e, one-half frame) of 60
video information, in which the color difference signals
are recorded in line-sequential alternation.

When it is desired to view the pictures which have
been taken and are stored on the magnetic disc 14, the
disc 14 can be removed from the camera 10, and placed 65
in a playback unit. Such a playback unit converts the
signals recorded on the disc into a viewable picture.
The playback unit thus has a disc drive similar to the
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disc drive 15 of the camera 10, and rotates the disc at a
predetermined speed, e.g., 60 revolutions per second.
Because only a single frame is recorded on the disc 14
for each picture, the played-back signal from the play-
back unit, if continuously reproduced, would have a

resolution lower than that of the original signal. In
order to improve the vertical resolution therefrom, a
second field is generated, in which the lines thereof are

interpolated between, and interlaced with, correspond-
ing pairs of successive lines of the one field that is re-
corded.

FIG. 3 shows, in block form, the reproducing cir-
cuitry of the playback unit according to one embodl-
ment of this invention.

Here, the recorded magnetic disc 14 is rotationally
driven at the field rate and a playback head 34’, which
can be structurally similar to the recording head 34 of
the camera 10, picks up the video signal from the de-
sired circular track. This signal is amplified in a play-
back amplifier 35, is furnished through a high pass filter
36 to a luminance signal demodulator 37, and is also
supplied through a low pass filter 38 to a chrominance
signal demodulator 39. The latter furnishes the red and
blue color difference signals R-Y and B-Y in line alter-

5 nation.

A first switch 40 has a pair of inputs 40a and 40b and
an output 40c. The luminance signal demodulator 37
supplies the luminance signal directly to one input 40a
of the first switch 40, and through a first delay circuit 41
of one half-line period delay time to the other input 405
thereof. The output 40c of this first switch 40 is coupled
to the input of a second delay circuit 42, which has a

delay time of one horizontal line. A second switch 43

has first and second inputs 432 and 435 and an output
43c, with the first input 43¢ being connected to the
output of the delay circuit 42. A first adder circuit 44
has inputs respectively coupled to the outputs of the
first and second delay circuits 41 and 42, and has an
output connected to the second input 43b of the second
switch 43¢. The first and second switches 40 and 43 are
switched over at the field rate, so that at the output 43¢
of the second switch 43 there appear alternating first
and second fields of the luminance signal Y, in which
the lines of the second field are interpolated between
the lines of the first field. This luminance signal Y is
furnished to a matrix circuit 48.

A third switch 46 also has first and second inputs 46q,
465, and an output 46c, with the chrominance signal
demodulator 39 supplying the color difference signals
R-Y and B-Y directly to the first input 462 and through
a third delay circuit 47, of one-half horizontal line delay
time, to the second input 46b. This switch 46 is also
switched over at the field rate.

The output 46¢ of the third switch 46 1s connected to
one input of a second adder circuit 48, and is also cou-
pled through a series arrangement of a fourth delay
circuit 49 and a fifth delay circuit 50, each of one hori-
zontal line period delay time, to another input of the
second adder circuit 48. A fourth switch 51 and a fifth
switch 52, which are switched over at the line rate, each
have respective first and second inputs 51a, 515 and 52q,
52b, and a respective output 51c and 52¢. The first out-
put 51a of the fourth switch 51 and the second input 525
of the fifth switch 52 are both joined to the output of the
second adder circuit 48, while the first input 52a of the
fifth switch and the second input 516 of the fourth
switch are both joined to the output of the fourth delay
circuit 49. At each of the respective outputs 51c and S2¢
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of the fourth and fifth switches 51 and 52, there appear

continuous red and blue color difference signals R-Y
and B-Y. | -

The processing of the color difference signals
through the two successive one-horizontal-line-period
delay circuits 49 and 50 and the second adder 48 results

in an interpolated version of the color difference signals
R-Y and B-Y being provided during alternate line inter-
vals, while the output of the fourth delay circuit 49
provides uninterpolated color difference signals R-Y
and B-Y during the remaining line intervals. These
continuous color difference signals R-Y and B-Y are
provided to the matrix circuit 45, which then decodes
the luminance signal and the color difference signals to
provide red, green, and blue signals at respective out-
puts 45R, 45G, and 45B, thereof.

The adder circuits 44 and 48 can include attenuators
so that the combined signals appearing at their outputs
have an amplitude that is the average of the input video
signals applied thereto.

The switching over of the first, second, and third
switches 40, 43, and 46 1s effected as follows

A synchronizing signal sevarator 53 separates a verti-
cal synchronizing pulse signal S, from the demodulated
luminance signal, and this synchronizing signal S, is
used to trigger a flip flop 54. This flip flop 54 provides
at its output a square wave Prwhich has a period of one
frame, to one input of an AND gate 5§5. A pulse genera-
tor 56 associated with the drive mechanism for the disc
14 provides one output pulse for each revolution of the
rotating magnetic disc 14. This pulse. Py is amplified in
an inverting amplifier 57, and the resulting inverting
signal is then furnished to another input of the AND
gate 55. The AND gate 55 then supplies a switching
signal Vy, to control terminals of the first, second, and
third switches 40, 43, and 46, which switching signal
Vg is synchronized with the rotation of the disc 14.

The switching over of the fourth and fifth switches 51
and 32 i1s carried out as follows. |

An index signal detector 58 coupled to the chromi-
nance signal demodulator 39 detects an index signal
which, for example, is characteristic of the onset of the
R-Y color difference signal. When this index signal is
detected, the detector 58 furnishes a pulse signal toa D
input terminal of a D-type flip flop 59..At the same time,
a horizontal synchronizing signal separator 60 coupled
to the output 43¢ of the second switch 43 furnishes
horizontal synchronizing pulses Sy to a clock mput CK
of the flip flop §9. As a result, this flip flop 59 provides,

from 1ts output Q to control terminals of the switches 51
 and 52, a square wave which has a two-line period. The
synchronizing signal separator 60 also furnishes the
horizontal synchronizing signal Sz to a synchronizing
signal output terminal 60s.

In addition, the luminance signal Y and the color
difference signals R-Y and B-Y are also furnished to an
NTSC encoder 61 which serves to convert the signals
into a standard format which can be presented to a color
television receiver. In this case, a mixer circuit 62 fol-
lowing the NTSC encoder 61 serves to combine the
luminance signal Y synchronizing signals Sz and S, to
the encoded color video signal, which is then furnished
as a composite color signal to a signal output terminal
63.

The operation of the reproducing apparatus of this
invention can be explained as follows:

In the first field, the outputs 41c, 43¢ and 46c¢ of the
first, second, and third switches 41, 43, and 46 are con-
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nected to the associated first inputs 40a, 4342, and 464,
respectively. At this time, the luminance signal Y ob-
tained from the demodulator 37 is supplied through the
first switch 40, is delayed by one horizontal line period,
and is supplied through the second switch 43 to the
matrix circuit 435. At the same time, the line-sequential
signal derived from the chrominance demodulating
circuit 39 is supplied to the output 46¢ of the third
switch 46. Accordingly, in this field, during odd line
periods, the first inputs Sia and 52a of the switches 31
and 52 are connected to the respective outputs 51c and
52¢ so that a so-called interpolated R-Y color difference
signal is furnished from the output of the fourth switch

51, while an uninterpolated B-Y color difference signal,

delayed by one horizontal line period, is provided from
the output 52¢ of the fifth switch 52. In the even hori-
zontal periods, when the outputs 51c and 52¢ of the
fourth and fifth switches 51 and 52 are connected to the
respective second inputs 516 and 525, the output Slc of
the fourth switch 51 provides an uninterpolated R-Y
color difference signal, while the output 32¢ of the fifth
switch 52 provides an interpolated B-Y color difference
signal. Since the interpolated and umnterpolated R-Y
and B-Y color difference signals are provided in turn
from the respective fourth and fifth switches 51 and 52,

continuous color difference signals R-Y and B-Y are
provided to the matrix circuit 45.

During the second field, the first, second, and third
switches 40, 43, and 46 are switched over to connect the
second inputs 405, 435, and 4654 to their respective asso-
ciated outputs 40c, 43¢, and 46¢. Consequently, because
the luminance signal Y supplied to the matrix circuit 13
is delayed by one-half horizontal period in the delay
circuit 41 and is combined with a further-delayed ver-
sion thereof furnished from the delay circuit 42, the
lines of the luminance signal from the second field have
a so-called interlace scan relationship with the first field,

~and the lines of the second field are interpolated be-

tween successive lines of the luminance signal of the
first field.

Also during the second field, the third delay circuit
47 acts to compensate the B-Y and R-Y color difference

signals by one half horizontal line period. However,

during this second field, the R-Y and B-Y color differ-
ence signals are processed in the same manner as in the
first field. These signals, including the luminance signal
Y, and the color difference signals R-Y and B-Y, are all
supplied to the matrix circuit 45 so that high quality red,
green, and blue output signals can be derived from the
terminals 45R, 45G, and 45B, respectively. As the oper-
ation described hereinabove is repeated sequentially, a
color still picture can be obtained from these terminals
45R, 45G, and 45B, if processed in conjunction with the
synchronizing signals appearing at the terminal 60s.
This picture can easily be displayed on a conventional
color monitor.

It should be understood from the foregoing that an
excellent color still picture can be obtained by process-
ing of the luminance signal Y and the line-sequential
color difference signals R-Y and B-Y for a single field.
That is, because of the interpolation achieved for the
color difference signals R-Y and B-Y and for the lumi-
nance signal Y, a full frame (i.e., two-field) color stili
picture, with excellent vertical resolution, is obtained.

Furthermore, while in the circuit of this invention the
interpolation of the color difference signals R-Y and
B-Y is carried out using two delay circuits 49 and 50 and
the luminance signal is interpolated using a separate
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delay circuit 42, it is also possible to interpolate both the

color difference signals R-Y and B-Y and the luminance
signal Y together in common delay circuits, thereby
reducing the number of the rather expensive delay cir-
cuits which are required.

Furthermore, while in the above-described embodi-
ment R-Y and B-Y color difference signals are em-

ployed, it is possible to use other signals as the color
components, such as the R-G and B-G color difference
signals, or Q and I color components. Also, while an
NTSC encoder 61 is shown, it is also possible to use a
PAL or a SECAM encoder.

Moreover, it will be apparent to those of ordinary
skill that many possible modifications and variations to
the embodiment described in detail hereinabove are
possible without departure from the scope and spirit of
this invention, which is to be defined by the appended
claims.

What is claimed is:

1. Apparatus for reproducing a color still picture

from a recorded composite color video signal stored on
a video record medium with the recorded video signal
being formatted as one field of video containing a suc-
cession of lines of a predetermined line period separated
by horizontal synchronzing signals, and a vertical syn-
chronizing signal, the composite color video signal
containing a luminance component signal, and first and
second color difference signals in alternating line se-
quence, and with the reproduced color still picture
being formatted as alternating first and second fields
each having a plurality of lines such that the lines of the
second field are interpolated between and interlaced
with successive lines of the first field; comprising
playback means for reproducing the luminance com-
ponent signal and the first and second color differ-
ence signals as a line sequential signal for said one
field:

first switch means coupled to said playback means
having two inputs, a switched output, and a control
terminal, with the luminance component signal
being applied directly to one of said inputs;

a first delay circuit having a delay of one-half line
period with an input and an output coupled to said
playback means and the other of the inputs of said
first switch means, respectively:

a second delay circuit having a delay of one line
period with an input coupled to the switched out-
put of the first switch means and an output;

second switch means having two inputs, a switched
output, and a control terminal, with one of said
inputs connected to the output of the second delay
circuit; |

a first adder circuit having inputs coupled to the
output of the first and second delay circuits and an
output connected to the other input of said second
switch means; |

third switch means having two inputs, a switched
output, and a control terminal, with the color dif-

‘ference signals being applied directly to one of said
inputs;

a third delay circuit having a delay of one-half line
period with an input and an output coupled to the
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playback means and the other input of said third
switch means, respectively;

a fourth delay circuit having a delay of one line per-
iod with an input connected to the. output of said
third switch means and an output;

a fifth delay circuit having a delay of one line period
and having an input connected to the output of the
fourth delay circuit and an output;

a second adder circuit having inputs connected to the
output of the third switch means and the output of
the fifth délay circuit, respectively, and an output;

fourth switch means having two inputs, a switched
output, and a control terminal, one of said inputs
being connected to the output of said sécond adder
circuit and the other of said inputs being connected
to the output of said fourth delay circuit;

fifth switch means having two inputs, a switched
output, and a control terminal, one of said inputs
being connected to the output of said fourth delay
circuit and the other of said inputs being connected
to the output of said second adder circuit;

means supplying a first switching signal to the control
terminals of said first, second, and third switch
means to connect the outputs thereof to the one
associated inputs during said first fields, and to the
other associated inputs during said second fields;

means supplying a second switching signal to the
control terminals of said fourth and fifth switch
means to connect the outputs thereof to the one
associated inputs during alternating lines periods
and to the other associated inputs during the re-
maining line periods; and

output signal processing means having inputs con-
nected to the outputs of said second, fourth, and
fifth switch means and an -output providing the
reproduced color video signal.

2. Apparatus for reproducing a color still picture
according to claim 1; wherein said output signal pro-
cessing means includes encoder means for combining
the luminance component signal and the reproduced
first and second color difference signals as a standard-
format composite color signal.

3. Apparatus for reproducing a color still picture
according to claim 1; wherein said output signal pro-
cessing means further includes mixer means following
said encoder means for adding the synchronizing signals

- to said composite color video signal.
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4. Apparatus for reproducing a color still picture
according to claim 1, wherein said means supplying said
first switching signal includes synchronizing signal sep-
arator means providing said vertical synchronizing sig-
nal, and a bistable circuit triggered by said vertical
synchronizing signal.

S. Apparatus for reproducing a color still picture
according to claim 1, wherein said means supplying said
second switching signal includes syhchronizing signal
separating means providing said horizontal synchroniz-
Ing signals, index signal detector means detecting an
index signal present at a predetermined location in each
of at least predetermined lines of the video signal; and a
D-type flip flop having a data terminal coupled to the
index signal detector means, a clock terminal coupled to
said synchronizing signal separating means, and an out-

put providing said second switching signal.
S e * e E
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